An analysis is made of the possibility of reducing numbers of measurements in DUS (distinctness, uniformity and stability) trials on varieties of white mustard and oilseed rape, based on the results of DUS trials performed in the years 2005-2009 by the Research Centre for Cultivar Testing. It is shown that, when decisions are taken after three years of testing, it is possible to decrease the number of measurements by 50%, with the decisions practically unchanged for both considered species. For so-called early decisions (after two years of testing) the distinctness decisions are again practically the same for full and reduced data, although the decisions concerning uniformity differ significantly. This means that the number of measurements can be reduced only in cases where DUS testing is continued for three years.
Introduction
A new variety of any cultivated species (often called a candidate variety), before being listed in, for example, the National List of Varieties or the Common Catalogue, is subject to checking for fulfillment of so-called DUS requirements.
The acronym DUS denotes distinctness (D), uniformity (U) and stability (S). The candidate variety must be significantly distinct from any other variety in at least one phenotypical characteristic. It must also be satisfactorily uniform (not less than for all of the varieties with which it is compared) for all characteristics used in the process establishing distinctness. The number of visually observed (qualitative) and measured (quantitative) characteristics is large for many species, and the number of varieties tested simultaneously within one trial (candidate varieties and an established variety used as a reference) is often large. In member states of the UPOV (International Union for the Protection of New Varieties of Plants -more than 80 member states) DUS requirements are checked in special DUS trials conducted according to UPOV Guidelines issued for particular species. For white mustard and oilseed rape (see TG/179/3, 2001 and TG/36/6, 2002) it is stated in the Guidelines that DUS trials ought to be established in RCB designs in two replicates and that 15 observations (measurements) should be taken from every plot, giving in total 30 measurements for every variety for all characteristics. For white mustard 13 continuous (measured) characteristics are involved, whereas for oilseed rape there are 15 such characteristics. Final decisions are usually taken after three years of testing at one location (oilseed rape) or after two years (white mustard). Because of the large numbers of tested objects (varieties), characteristics and measurements, DUS trials are expensive.
Therefore various attempts have been made to enable the optimization of DUS testing. Roberts (2011) proposed the testing of different subsets of established varieties. In a series of papers by Pilarczyk et al. (2011 Pilarczyk et al. ( , 2012 Pilarczyk et al. ( , 2014 Pilarczyk et al. ( , 2015 , the reduction of the number of measurements within single trials was proposed and the consequences of such reduction investigated. Using real data from DUS trials on several grass species (perennial ryegrass, amenity type of perennial ryegrass, meadow-grass and red fescue) they concluded, that, when decisions are taken after three years of testing, a reduction in numbers of measurements by 50% has very limited impact on decisions concerning the distinctness and uniformity of tested varieties. It should be mentioned that the stability of varieties is usually not tested, since according to UPOV regulations, if a variety is distinct and uniform it is deemed also to be stable. The aim of this paper is to investigate the impact of similar reduction in numbers of measurements on DUS decisions concerning varieties of two dicotyledonous species: white mustard and oilseed rape.
Materials and methods
The analyzed set of data consists of results of DUS trials on white mustard and For all characteristics there were 60 measurements taken within each trial for every variety, which means that there were 120 measurements after two years and 180 measurements after three years.
The same approach was applied here as in papers by Pilarczyk at al. (2011 Pilarczyk at al. ( , 2012 Pilarczyk at al. ( , 2014 Pilarczyk at al. ( , 2015 for several species of grasses. Namely the data were analyzed twice: the first time all available measurements (full data) were used, while the second analysis used only half of them (reduced data), randomly chosen. The decisions concerning distinctness and uniformity of tested varieties obtained based on full and on reduced data (after two and three years of testing) were compared.
In testing distinctness the method officially promoted by UPOV (known as the COYD method) was applied in the version implemented in the DUSTNT package (Watson, 2000) . In this method two alternative models are utilized.
When there is no significant (at a significance level of 0.05) relationship between varietal yearly means and over-years means, an additive model is used in the form Throughout this paper we applied the COYD and COYU methods in exactly the form promoted by UPOV, both for full data and for reduced data, after which the decisions on distinctness and uniformity were compared.
Results
Decisions concerning the distinctness and uniformity of white mustard varieties are usually taken after two years of testing. The results of testing of distinctness of white mustard varieties in two-year series are presented in Table 1 . Table 2 . In the case of oilseed rape the numbers of pairs found to be indistinct are similar for both types of data. Similar results concerning the distinctness of oilseed hybrid varieties after two and three years of testing are shown in Table 3 .
After two years of testing, the number of pairs of varieties found to be indistinct when reduced data sets are used is slightly higher (by less than 1% of tested pairs) than for the full data, both for traditional and hybrid varieties. After three years of testing, the number of indistinct pairs of hybrid varieties is exactly the same for full and reduced data. Rather unexpectedly, however, for traditional varieties the number of indistinct pairs is slightly higher for full than for reduced data. In order to compare uniformity decisions for full and reduced data, the coefficient of concordance CC as described by Pilarczyk et al. (2015) was calculated. This is the ratio of the number of concordant decisions concerning uniformity to the total number of such decisions. This coefficient is equivalent to the overall proportion of agreement 0 p used often in testing inter-rater agreement; see Kundel and Polansky (2003) or Landis and Koch (1977) . The results are presented in Table 4 , for the two considered species. Rows marked 'W' contain results concerning all tested varieties (established and candidate), while rows marked 'K' contain the results for candidate varieties only. It is seen that after two years of testing, for both white mustard varieties and for the two types of oilseed rape varieties, the proportion of concordant uniformity decisions is about 80%. For three-year series this proportion reaches 97%.
Comments and conclusions
In earlier papers by Pilarczyk and others (2011 Pilarczyk and others ( , 2012 Pilarczyk and others ( , 2014 Pilarczyk and others ( , 2015 it has been shown that for certain species of grasses (all monocotyledonous species) it is possible to reduce the number of measurements in DUS trials by 50% without serious impact on decisions concerning the distinctness and uniformity of the tested varieties. Here, following analysis of several two-and three-year series of DUS trials on white mustard and oilseed rape varieties (both dicotyledonous species), it can be concluded that:
 Decisions concerning distinctness and uniformity after three years of testing are practically the same for full data and for data reduced by 50%;
 Distinctness decisions after two years of testing are again very similar for full and reduced data, but uniformity decisions differ significantly.
Therefore the overall conclusion is that a reduction in numbers of measurements is also possible in DUS trials on oilseed rape and white mustard, but subject to the condition that final decisions are taken after collecting data over three years.
